For some time now, antibiotic-resistant bacterial strains have been found in the human population, in foods, in livestock and wild animals, as well as in surface waters. The entry of antibiotics and resistant bacterial strains into the environment plays an important role in the spread of antibiotic resistance. The goal of the present study was to monitor the entry of antibiotic resistances into the environment through the contamination of wastewater. To assess the extent of transmission of antibiotic resistances from human sources into the environment, the resistance patterns of Escherichia coli strains isolated from human patients have been compared to those found in strains isolated from sewage sludge. Our results may indicate if resistances to particular antibiotics are more prone than others to spread into the environment. To monitor the increase of specific resistances over time, samples taken in the years 2000 and 2009 were analysed. Our study shows that for some antibiotics a parallel development of resistance patterns has taken place in both patient and environmental samples over time. For other sets of antibiotics, independent developments have occurred in the samples. A clear increase of multi-resistant E. coli strains over time was observed in samples from both sources.
INTRODUCTION
The rise and spread of antibiotic-resistant bacteria has been a common problem since the day treatment with antibiotics started ( 
; Poeta et al. ).
This development is further facilitated by the widespread use of (broad-spectrum) antibiotics in human and veterinary medicine and agriculture. In populated regions, contact with antibiotics seems to be nearly inescapable for bacteria. Antibiotics can be found in nearly all surface waters (Kummerer a, b) . Some antibiotics can even be found in ground water as deep as 10 m and more (Batt As we reported in a recent study, Escherichia coli can even survive some of the sewage sludge treatment procedures applied in Austria (Reinthaler et al. ) . This opens the possibility for resistant strains to re-enter the food chain via treated wastewater or sewage sludge which is applied to arable land. Hence, the analysis of both patient and environmental samples is important to understand the routes of transmission of antibiotic resistance from humans to the environment and, ultimately, back to humans (Teuber ; Salyers ; Reinthaler et al. ;
Dhanji et al. ).
The aim of the present study was to investigate the changes in the resistance patterns of E. coli isolates from infected outpatients and from activated sewage sludge for clinically relevant antibiotics between 2000 and 2009. The investigation was designed not only to compare E. coli isolates from different sources, but also to observe changes in resistance over time and to look for indications of interdependency of resistance patterns observed in isolates from human and environmental sources.
MATERIALS AND METHODS

Sampling
Sewage sludge isolates
The first set of sewage sludge (activated sludge) samples was collected between April and September 2000. Sewage sludge samples were collected from different sewage treatment plants on five sampling days each and 155 different E. coli strains were isolated. The second set of samples was collected between April and September 2009 on six sampling days. In this second sampling period, 201 different E. coli strains were isolated. All sewage treatment plants are located in Styria (Austria) in the area around the city of Graz. Only sewage treatment plants which did not receive wastewater from hospitals were used for this study.
The samples were taken from activated sewage sludge.
The aerobic degradation of organic matter takes place in the activated sludge tank. The activated sludge is an accumulation of bacteria, organic detritus and ciliates, which form activated sludge flakes in wastewater.
The sludge samples were collected using sterile widemouth bottles. They were transported to the laboratory in a cooler and immediately stored in a refrigerator at 4-8 W C for up to 24 hours until processing.
Human isolates
Human isolates were randomly picked out of a collection of Table 2 , which focuses on differences between the two sample types.
All E. coli strains isolated from patients treated in 2000
were sensitive to seven of the 15 tested antibiotics, (Tables 1 and 2) . increased in human samples only (Table 2) .
Generally, the sludge samples showed a significant decrease (p < 0.01) of those strains which were susceptible to all antibiotics, namely from 81.3% to 65.7%. The proportion of strains which were resistant to two or more antibiotics rose from 5.2% to 12.4%. No isolates from 2000 showed more than four resistances; in 2009, however, the maximum number of resistances was nine (to antibiotics from five different classes) (Table 3) . can be observed between human and sewage sludge samples. In this context, it has to be considered that the investigated human strains originated from patients under medical treatment. As patient strains have likely been exposed to antibiotics more frequently than strains from healthy people, an increased occurrence of antibiotic resistances is expected in patient samples. This is a problem of most studies in this field, which usually investigate antibiotic resistances in patient samples and hence likely result in higher antibiotic resistance rates than expected in the total An example is the fluoroquinolone resistance in 2000, which was the only resistance that was not detected at all in the sewage sludge samples and showed significantly higher resistance levels (ca. 5%) in human samples. In addition, the resistance rates of human isolates to fluoroqui- In contrast, however, to our study, Luczkiewicz et al. Future studies will be necessary that include genetic analyses to identify resistance mechanisms of dominant strains in humans and the environment. Furthermore, it will be important to investigate isolates from other sources (like stool samples from healthy humans). Further surveillance of the process of transmission of antibiotic resistances into the environment is recommended, as well as a consideration of more effective methods to eliminate resistant bacteria and antibiotics in wastewater.
CONCLUSIONS
